Objectives-To assess the medium-term results of total cavopulmonary shunt operations in children with left atrial isomerism, interrupted inferior vena cava, and complex congenital heart defects. Background-Creation of a total cavopulmonary shunt provides very good interim palliation for children with interrupted inferior vena cava and complex congenital heart disease; however, longer term results after this operation have not been reported. Methods-Detailed follow up of six children who underwent creation of a total cavopulmonary shunt at a tertiary referral centre. Results-There were no early or late deaths. Oxygen saturations at discharge ranged from 890/o to 92% (mean 90%). At last follow up (mean 4-7 years) saturations at rest ranged from 73% to 81% (mean 77%) (P < 0.05). All patients underwent exercise stress testing. At peak exercise oxygen saturations ranged from 62% to 87% (mean 71.5%) and during recovery from 68% to 85% (mean 78%). Cardiac catheterisation was performed in five patients with saturations of less than 80% at rest or peak exercise. No patient had pulmonary arteriovenous fistula. Systemic venous to hepatic venous collaterals were documented in four patients. These were localised below the diaphragm in three and above the diaphragm in one patient. The collateral vessel was successfully embolised in three of these patients, with a rise in resting oxygen saturations from 6 to 10% (mean 7%/6). Conclusions-The development of systemic venous to hepatic venous collaterals is a common complication in patients who undergo a total cavopulmonary shunt operation. This can lead to significant desaturation at rest and during exercise. Detailed angiographic studies of the infradiaphragmatic systemic veins is required for diagnosis. Transcatheter embolisation of such vessels gives good relief. (Br HeartJ_ 1995;74:282-286) Keywords: total cavopulmonary shunt; systemic desaturation; left atrial isomerism Left atrial isomerism is commonly associated with complex cyanotic congenital heart disease and either azygos or hemiazygos continuation of an interrupted inferior vena cava. Most patients with left atrial isomerism are not suitable for a biventricular surgical repair. The creation of a total cavopulmonary shunt between the superior vena cava and the pulmonary artery' 2 offers good palliation in these patients. All the systemic venous blood is redirected to the pulmonary arteries after this operation, whereas hepatic venous blood enters the atrial chambers. Thus, there remains a small residual right to left shunt which leads to mild desaturation with oxygen saturations of about 90%. The early results after this operation are very good, however, systematic long-term results have not been reported.
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Because the hepatic venous return in these patients is not directed to the lungs, the portal venous pressure is lower than the systemic venous pressure. Thus, there would seem to be a risk for the late development of collaterals and fistulous communications between the systemic venous and hepatic venous system leading to progressive systemic desaturation.
All patients who underwent a total cavopulmonary shunt in the presence of either azygos or hemiazygos continuation of an interrupted inferior vena cava at the Birmingham Children's Hospital were evaluated to assess the long-term results of this operation.
Patients and methods

PATENTS
Between March 1984 and March 1991 nine patients with left atrial isomerism, azygos or hemiazygos continuation of an interrupted inferior vena cava, and complex congenital heart disease who were unsuitable for a biventricular repair underwent operation. A total cavopulmonary shunt was created in seven children with no early mortality. One of these patients experienced marked early postoperative cyanosis and low cardiac output failure. The cardiac catheter at that time documented a large collateral vessel between the systemic veins and the left atrium. The patient subsequently underwent an atrial baffle procedure connecting both the collateral and the hepatic venous blood to the pulmonary artery (modified Fontan procedure). A further two patients underwent a combination of total cavopulmonary shunt and atrial baffle for redirection of the hepatic venous blood to the pulmonary arteries.
The study population of this report consists of the six patients who underwent isolated total cavopulmonary shunt ( patient was not catheterized. In the remaining five patients oxygen saturations decreased between 4% and 11% (mean 8%) at peak exercise compared with saturations at rest. Two of these patients had persistently decreased saturations during the recovery period (nos 1 and 4) and the remaining three had a slight increase in oxygen saturations (mean (range) 5 (5-6)%) compared with the values at rest (fig 1) . Cardiac catheterisation excluded obstructions of either the anastomotic site or within the pulmonary artery system in five patients. Mean withdrawal gradients were less than 1 mm Hg. Angiograms demonstrated the absence of pulmonary arteriovenous fistulae.
Collateral vessels communicating between the systemic and the hepatic venous system were documented on angiograms in four patients (67% of study population). All four patients were documented to have a decrease in oxygen saturations of more than 5% at peak exercise (as compared with resting values). In two patients (nos 3 and 4) large infradiaphragmatic collateral vessels were documented (fig 2) . Selective injections suggested a significant right to left shunt. The vessel was successfully occluded in each patient using a detachable silicone balloon (fig 3) . There was no significant rise in systemic venous pressure in either patient after embolisation. Oxygen saturations at rest 24 h after the procedure were increased by 6% and 10% respectively (80-86% and 78-88%).
In one patient (no 1) numerous small fistulous communications were documented between the azygos system and the hepatic venous system. Before the procedure this patient had oxygen saturations of 76% at rest. During catheterisation systemic saturations were 86% and systemic venous pressure was only 12 mm Hg. Systemic venous pressure could not be raised sufficiently with positive pressure ventilation. Thus, a large latex balloon catheter was inflated in the azygos vein near its junction with the superior vena cava, so as to raise venous pressure to 15 mm Hg, and to increase any potential collateral run off. Numerous small collateral vessels were documented on subsequent angiograms: however, none of these vessels could be entered selectively and the procedure was abandoned. One patient (no 6) was found to 2 The remaining right to left shunt which is caused by drainage of hepatic venous blood to the atrial chambers is normally well tolerated. Thus, the creation of a complex intracardiac baffle to redirect hepatic venous blood to the pulmonary arteries is not indicated in these patients.3 Moreover, the lower level of hepatic venous pressure after this operation compared with that of a modified Fontan procedure may be beneficial in preserving long-term liver function. Although many patients have undergone total cavopulmonary shunt procedures, there are as yet no reports on longer term follow up.
Systemic venous pressure exceeds portal and hepatic venous pressure after this operation. The pressure difference is dependent on the transpulmonary capillary gradient, which is normally in the magnitude of about 5 mm Hg. Thus, there would seem to be a risk for the development of fistulae and collateral vessels from the systemic venous to the portal or hepatic venous system. Interestingly, Furuse and colleagues4 described one patient who underwent a total cavopulmonary shunt operation and subsequently developed retrograde gastric varices sevenyears after the operation.
In all patients of this series there was a significant decrease in transcutaneous oxygen saturations at last follow up compared with those of the immediate postoperative period. Exercise testing led to further desaturation in five of the six patients. In one patient there was an increase in saturations during exercise and recovery. This was judged to reveal a ventilation to perfusion mismatch at rest. 5 We have not attempted lung perfusion scintigraphy in this or any other patient of this series, because we feel that the technique is inconclusive in the detection of perfusion defects in patients with multiple venous sources of pulmonary blood supply. Cardiac catheterisation in the five patients with further desaturation during exercise testing documented systemic venous to hepatic venous collaterals or fistulae in four patients. Patients with a decrease in oxygen saturations of more than 5% at peak exercise compared with resting values had such communications. In three patients these collaterals were found to be located below the diaphragm. This finding emphasises the need for detailed angiographic assessment of the infradiaphragmatic veins in the exclusion of systemic to hepatic venous collaterals or fistulae. The vessels were successfully occluded in three patients with a mean rise in resting oxygen saturations of 7% and profound symptomatic relief.
No patient in this series had pulmonary arteriovenous fistula. This is a recognised complication after creation of Glenn shunts,67 however, it has as yet rarely been observed after bidirectional cavopulmonary shunts or modified Fontan procedures. Moore and colleagues8 reported two patients with left atrial isomerism and azygos continuation of the inferior vena cava who developed pulmonary arteriovenous fistulae after a modified Fontan procedure in one and a total cavopulmonary shunt in the other. Radionuclide studies for the exclusion of pulmonary arteriovenous fistulae5 were not carried out in our patient population. The specificity of such studies in patients with systemic venous to hepatic venous fistulae appears to be questionable. We elected to perform selective angiography to document the exact site of any existing fistulae or communications.
Conclusion
The development of systemic to hepatic venous collaterals is a common finding after total cavopulmonary shunt procedures and can lead to significant cyanosis. Follow up investigations in patients presenting with increasing cyanosis should include exercise stress testing and, if positive, detailed angiographic evaluation of the infra-and supradiaphragmatic systemic veins. Transcatheter balloon or coil embolisation seems to be the technique of choice in the treatment of these lesions.
